Introduction
Exercise intensity is one component of the exercise dose that is of great interest to exercise and public health professionals, not only because it is ''the most important exercise prescription variable to maintain a cardiovascular training response'' (American College of Sports Medicine, 2006, p. 161) and is ''associated with an increased risk of orthopaedic injury [and] cardiovascular incidence'' (American College of Sports Medicine, 2006, p. 147) , but also because it is inversely related to adherence (Cox, Burke, Gorely, Beilin, & Puddey, 2003; Lee et al., 1996; Perri et al., 2002) . One possible explanation for the negative intensity -adherence relationship, which is relevant to the present investigation, is that, as the intensity of exercise increases, the pleasure that participants experience is typically reduced, particularly at intensities that exceed the ventilatory or lactate threshold (Ekkekakis, Hall, & Petruzzello, 2005a; Ekkekakis & Petruzzello, 1999) . In turn, reduced pleasure could lower the intrinsic motivation for future participation.
Although researchers have shown that a relationship between exercise intensity and affective responses (such as pleasure-displeasure) exists, authors have questioned whether this relationship can be meaningfully described by a single, universal doseresponse curve (Ekkekakis & Petruzzello, 1999; Ekkekakis et al., 2005a; Rejeski, 1994) . This argument is based on evidence that individuals differ greatly in the intensity of exercise that they prefer (i.e. that which would elicit an optimal affective response) and the intensity they can tolerate (i.e. that which would still permit the maintenance of a pleasant affective state). For example, with respect to preference for exercise intensity, Lind and colleagues (Lind, Joens-Matre, & Ekkekakis, 2005) found that, on average, middle-aged women selected an intensity corresponding to their ventilatory threshold but individuals ranged from 60% of the oxygen uptake associated with the ventilatory threshold to 160%. Similarly, with respect to tolerance, Gulati et al. (2005) reported that, in their cohort of 5721 asymptomatic women, the average peak exercise capacity determined from a symptom-limited treadmill test was 8.0 metabolic equivalents, but individual values ranged from a low of 1.4 to a high of 20.0 (17.5% to 250.0% of average, or 20.0% to 150.0% after taking age into account).
Besides the role played by age, physiological and health-related factors, it is assumed that the variation in the intensities of exercise that different individuals prefer or can tolerate is partly due to psychological traits (presumably with a genetic basis) and partly due to life experiences, social and cultural influences, and associated patterns of situational appraisals (e.g. self-presentation or acquired fear). Of these two possibilities, until now research attention has focused mainly on the latter. For example, the construct of self-efficacy, which is central in social-cognitive theory, has been shown to account for significant portions of inter-individual variation in affective responses and perceptions of exertion (e.g. McAuley, Talbot, & Martinez, 1999; Pender, Bar-Or, Wilk, & Mitchell, 2002; Rudolph & McAuley, 1996) . On the other hand, there has been limited research attention to the role played by psychological traits and dispositional factors. This is surprising given the fact that psychological theories of personality and temperament include several variables of apparent relevance, namely factors hypothesised to influence arousability and sensory modulation (e.g. extraversion -introversion, sensation-seeking, strength of the nervous system, perceptual augmenting -reducing).
This relative inattention to the role of psychological traits is not unique to the exercise literature. It has also been observed in the pain literature (Phillips & Gatchel, 2000) , leading one to suspect that this commonality (both exercise and pain being primarily somatic stimuli) is not coincidental. Specifically, it has been suggested that the items in the standard self-report questionnaires that have been developed for the assessment of these theoretically relevant traits focus almost entirely on responses to exteroceptive stimuli (e.g. visual, auditory, tactile) and the manifestations of these traits in social behaviour (e.g. sociability), to the exclusion of stimulation that arises from within the body, such as during vigorous exercise (Ekkekakis, Hall, & Petruzzello, 2005b) . However, it is clear that interoceptive and exteroceptive sensory systems have very distinct anatomical and physiological characteristics (Craig, 2002) and, consequently, extrapolations from one domain to the other would be imprudent.
Thus, based on the proposal that there is a need for an exercise-specific measure of individual differences in preference for and tolerance of exercise intensity, researchers recently developed the Preference for and Tolerance of the Intensity of Exercise Questionnaire (PRETIE-Q; Ekkekakis et al., 2005b) . Preference for exercise intensity was defined as a ''predisposition to select a particular level of exercise intensity when given the opportunity (e.g. when engaging in self-selected or unsupervised exercise)'', whereas tolerance of exercise intensity was defined as ''a trait that influences one's ability to continue exercising at an imposed level of intensity beyond the point at which the activity becomes uncomfortable or unpleasant'' (Ekkekakis et al., 2005b, p. 354) . It is crucial to clarify that intensity-preference and intensity-tolerance are not considered the sole (or the most important) determinants of intensity preference or tolerance. Other factors, including physical (e.g. age, fitness, health status), experiential (e.g. learned coping skills, exercise history), and situational (e.g. self-efficacy, social physique anxiety, perceived social evaluation) factors, should be expected to play important roles as well. The conceptualisation of intensity-preference and intensity-tolerance as traits (presumably with a biological and genetic basis) was based on a series of arguments, including the fact that large and temporally consistent inter-individual variability in preference for and tolerance of exercise intensity, beyond what can be accounted for by key somatometric and physiological differences, is observed in humans, as well as in other species.
The two factors of the PRETIE-Q, consisting of eight items each, have been shown to be internally consistent, temporally stable (over 3-and 4-month intervals), and structurally valid. Both the Preference and the Tolerance factors were also found to be related cross-sectionally to the intensity of habitual physical activity. Furthermore, although both the Preference and Tolerance scales were significantly related to affective responses to a 15-min bout of running at the intensity of the ventilatory threshold, only the Tolerance scale was significantly related to affective responses when the intensity was even higher (10% of aerobic capacity above the ventilatory threshold), thus providing evidence of discriminant validity. Similarly, the Preference -but not the Tolerancescale significantly predicted the intensity of physical activity (percentage of oxygen uptake at the ventilatory threshold) that a sample of middle-aged women selected (Ekkekakis, Lind, & Joens-Matre, 2006) . Finally, the Tolerance scale and, to a lesser extent, the Preference scale predicted the period of time two samples of individuals persevered during incremental treadmill tests to volitional exhaustion beyond the point at which they reached their ventilatory threshold (Ekkekakis, Lind, Hall, & Petruzzello, 2007) .
This early evidence suggests that the PRETIE-Q could be useful as a research tool for capturing part of the inter-individual variability in the preference for and tolerance of exercise intensity. Based on the principle that psychometric evaluation is a continuous process and that ongoing validation with independent samples is essential, our aim in this study was to examine the psychometric properties of the PRETIE-Q in a large sample of young women. Specifically, we provide information on internal consistency, structural validity (by means of a confirmatory factor analysis), and construct validity (by means of cross-sectional correlations with self-reported physical activity habits). Moreover, given the large size of the sample (much larger than the samples used in the initial psychometric evaluation of the PRETIE-Q), we provide norms for college-age women.
Methods

Participants
The participants were 601 female undergraduate and postgraduate students at a large university in the Midwestern United States. They were approached at the university fitness centre, campus sorority organisations, and classes in educational psychology, psychology, and kinesiology. Before participating, they read and signed an informed consent form that had been approved by the university's Institutional Review Board. The participants had a mean age of 20.1 years (s ¼ 1.4; range 17 -29).
The participants represented the following ethnic or racial groups: 77.0% Caucasian, 8.0% Asian or Asian-American, 6.0% African-American, 5.7% Latinas, 0.3% Native American, 2.0% biracial, and 1.0% ''other''. The ethnic/racial composition was representative of the campus student population. According to enrolment statistics, the student body consisted of 77.0% Caucasian, 6.1% AfricanAmerican, 5.9% Latino/a, 10.7% Asian-American, and 0.3% Native American. With the exception of a lower proportion of African-Americans, the sample was also representative of the racial composition of the local community, according to Census Bureau statistics. Specifically, the 89,363 women in the local community were 80.8% Caucasian, 12.4% AfricanAmerican, 6.4% Asian or Asian-American, 0.6% Native American, and 1.6% ''other''.
The mean physical characteristics of the participants in the sample were as follows: height 1.66 m (s ¼ 0.07), body mass 60.6 kg (s ¼ 9. ). These figures approximate those based on a sample of women from another large university in the Midwestern United States (Huang et al., 2003) . In that sample, 79.7 -85.6% of the female students were deemed to be of normal weight, 11.3 -16.1% as overweight, and 3.1 -4.2% as obese. On the other hand, in the United States overall, only 48% of women aged 20 -39 years are of normal weight, whereas 23% are overweight and 29% are obese (Ogden et al., 2006) .
Finally, more than half (59.6%) of the participants reported being physically active at least three days per week. Of those who were active on three or more days, 20.3% were involved in intramural sports and 6.8% were involved in college sports. In the United States overall, only 15.0% of college women are physically inactive, the lowest percentage among 23 countries examined by Haase and colleagues (Haase, Steptoe, Sallis, & Wardle, 2004) . According to data from the 2001 Behavioural Risk Factor Surveillance System, 49.8% of women in the United States aged 18 -29 years report being moderately or vigorously active on a regular basis (Macera et al., 2005) .
Of the 601 women who responded, 572 had complete responses on the preference-related items of the PRETIE-Q, 580 had complete responses on the tolerance-related items, and 557 had complete responses on all PRETIE-Q items. The 44 women with incomplete PRETIE-Q data and the 557 with complete data did not differ significantly in terms of age, height, body mass, body mass index, or the likelihood of being physically active on a regular basis.
Measures
The PRETIE-Q was used to assess the variables of preference for and tolerance of exercise intensity. The eight-item Preference scale contains four items that tap preference for high intensity (e.g. ''I would rather have a short, intense workout than a long, lowintensity workout'') and four that tap preference for low intensity (e.g. ''When I exercise, I usually prefer a slow, steady pace''). Similarly, the eight-item Tolerance scale contains four items that tap high exercise tolerance (e.g. ''I always push through muscle soreness and fatigue when working out'') and four that tap low exercise tolerance (e.g. ''During exercise, if my muscles begin to burn excessively or if I find myself breathing very hard, it is time for me to ease off''). The complete questionnaire is available in Ekkekakis et al. (2005b) . Each item is accompanied by a 5-point response scale (1 ¼ ''I totally disagree''; 2 ¼ ''I disagree''; 3 ¼ ''Neither agree or disagree''; 4 ¼ ''I agree''; 5 ¼ ''I strongly agree''). Items indicative of preference for low intensity (Items 2, 4, 8, 12) and items indicative of low tolerance (Items 1, 3, 9, 13) are reversed-scored. Ekkekakis et al. (2005b) reported alpha coefficients of internal consistency ranging from 0.81 to 0.85 for the Preference scale and from 0.82 to 0.87 for the Tolerance scale. Furthermore, test -retest reliability coefficients of 0.67 and 0.80 for the Preference scale and 0.85 and 0.72 for the Tolerance scale were reported after 3-and 4-month intervals, respectively. The Godin Leisure-Time Exercise Questionnaire (Godin & Shephard, 1985) was used to assess leisuretime exercise habits. It includes three questions on how many times, during a typical 7-day period, the respondent participates in: (a) ''strenuous exercise (heart beats rapidly)'', such as running, jogging, hockey, football, soccer, squash, basketball, and cross-country skiing; (b) ''moderate exercise (not exhausting)'', such as fast walking, baseball, tennis, easy cycling, volleyball, badminton, and easy swimming; and (c) ''mild exercise (minimal effort)'', such as yoga, archery, fishing from river bank, bowling, horseshoes, and golf. Weekly frequencies are multiplied by 9, 5, and 3 for strenuous, moderate, and mild exercise, respectively, to calculate a composite score. The questionnaire also includes one item inquiring how often (''often'', ''sometimes'', or ''never/ rarely''), during a typical 7-day period, the respondent engages in any regular activity ''long enough to work up a sweat''. Godin and Shephard (1985) reported 2-week test -retest reliability coefficients of 0.48 for mild, 0.46 for moderate, and 0.94 for strenuous exercise. Strenuous exercise (r ¼ 0.38 and r ¼ 0.21), the total score (r ¼ 0.24 and r ¼ 0.13), and the frequency of sweating (r ¼ 0.26 and r ¼ 0.21) correlated significantly with maximal aerobic capacity and percentage of body fat (respectively).
Results
Mean scores, distributional characteristics and normative data
On a possible range from 8 to 40, the mean score was 24.22 (s ¼ 6.47) for Preference and 23.04 (s ¼ 5.96) for Tolerance. For Preference, the median was 24 and the mode was 24. For Tolerance, the median was 23 and the mode was 19.
Both Preference and Tolerance were normally distributed. For Preference, skewness was 70.082 and kurtosis was 70.296. For Tolerance, skewness was 0.114 and kurtosis was 70.298. For both scores, responses covered the entire possible range, from 8 to 40. The norms (percentile rankings) for Preference and Tolerance scores are shown in Table I .
Item means and standard deviations, as well as estimates of skewness and kurtosis, are shown in Table II . The skewness of all items was within + 0.600 (on average, 70.031 for Preference and 0.093 for Tolerance), whereas kurtosis was within + 1.00 (on average, 70.640 for Preference and 70.811 for Tolerance). The negative kurtosis values for all items indicate distributions that were somewhat platykurtic (flat), although by a modest amount.
Internal consistency
Cronbach's alpha coefficient of internal consistency was 0.89 for the Preference scale and 0.86 for the Tolerance scale. As shown in Table III , each item made a positive contribution to the internal consistency of its scale, since the deletion of any item would result in a decrease in the value of the coefficient for the scale to which it belongs.
The mean inter-item correlation was 0.502 (from 0.373 to 0.709) for Preference and 0.441 (from 0.309 to 0.596) for Tolerance. The mean corrected item-total correlation was 0.664 (from 0.580 to 0.769) for Preference and 0.611 for Tolerance 
Confirmatory factor analysis
A confirmatory factor analysis was conducted using Amos 6.0 (Arbuckle, 2005) with the maximum likelihood method of estimation. The correlation among the Preference and Tolerance latent factors was not constrained but was left to be estimated. The following fit indices were considered. First, the w 2 index represents the ratio of the sample covariance matrix to the hypothesised covariance matrix (Bollen, 1989) . Under the assumption of multivariate normality, this index follows the w 2 distribution and is thus amenable to testing the null hypothesis that all residuals from the model are zero (i.e. that the model fits perfectly in the population). However, it has become evident that theoretical models at best approximate estimated population values and, thus, particularly in large samples (necessary to obtain stable parameter estimates), the null hypothesis of zero discrepancy will always be rejected. Therefore, alternative fit indices have been proposed that are not based on hypothesis-testing, but rather indicate the degree of model misspecification. Second, the goodness-of-fit index (GFI) represents a measure of ''absolute fit'' and assesses the extent to which the hypothesised model can reproduce the sample variance/covariance matrix (Jö reskog & Sö rbom, 1993) . It can be interpreted in a manner analogous to the coefficient of determination (R 2 ) in multiple regression analyses. For the maximum likelihood model of estimation and samples sizes 4 250, a level of 0.90 or higher is considered indicative of adequate fit (Hu & Bentler, 1995) . In contrast, according to Bentler and Bonett (1980) , ''models with overall fit indices of less than .9 can usually be improved substantially'' (p. 600).
Third, the comparative fit index (CFI) is a type of incremental fit index, measuring the improvement in fit offered by the hypothesised model over a baseline model, usually the ''null'' or independence model (Bentler, 1990) . For the maximum likelihood model of estimation and samples sizes 4 250, a level of 0.90 or higher is considered indicative of adequate fit (Hu & Bentler, 1995) .
Fourth, the root mean square error of approximation (RMSEA) is a measure of ''badness of fit'' or, more specifically, a ''measure of discrepancy per degree of freedom'' (Browne & Cudeck, 1992, p. 238) . A value of 0.05 or lower is considered indicative of ''close fit'' and one of 0.08 is considered indicative of ''reasonable fit'' (Browne & Cudeck, 1992) .
It should be noted that, based on an extensive Monte-Carlo analysis, Bentler (1998, 1999) have suggested that adopting more stringent cut-off values than those cited above (i.e. 0.95 for CFI and 0.06 for RMSEA) would reduce the chance of committing Type I and Type II errors. These suggestions have sparked considerable controversy, since the distributions of these goodness-of-fit indices and the factors that affect them remain unknown (Beauducel & Wittmann, 2005; Sivo, Fan, Witta, & Willse, 2006; Yuan, 2005) . It has also been argued that the proposed cut-off values ''appear to be largely unobtainable in appropriate practice'' (Marsh, Hau, & Wen, 2004, p. 326) . Given this controversy, the fit of the PRETIE-Q model to the data was evaluated mainly on the basis of whether any misspecifications were attributable to serious problems, such as item cross-loadings, and whether the overall fit was comparable to that attained in the original validation sample.
Three models were examined. Model A was a single-factor model, in which all 16 items represented indicators of the same latent construct. This model was examined because, by not constraining the inter-factor correlation to independence (given that preference and tolerance were conceptualised as oblique factors), it would be possible for a two-factor solution to show better fit than a single-factor solution only as a result of reduced parsimony. Model B was a two-factor model consisting of one eight-item Preference factor and one eight-item Tolerance factor, with no correlated errors. Model C was a two-factor model that included the four correlated errors identified in the original analysis by Ekkekakis et al. (2005b) .
Regarding Model C, using a post-hoc Lagrange multiplier test, Ekkekakis et al. (2005b) had noted the presence of correlated errors between the following items: (a) Item 2 (''I would rather work out at low-intensity levels for a long duration than at high-intensity levels for a short duration'') and Item 6 (''I would rather have a short, intense workout than a long, low-intensity workout''), with both items referring to comparisons between short and intense versus long and low-intensity exercise; (b) Item 4 (''I'd rather go slow during my workout, even if that means taking more time'') and Item 8 (''When I exercise, I usually prefer a slow, steady pace''), with both items using the word ''slow''; (c) Item 10 (''Exercising at a low intensity does not appeal to me at all'') and Item 16 (''Low-intensity exercise is boring''), with both items referring to boredom or lack of enjoyment associated with low-intensity exercise); (d) Item 3 (''During exercise, if my muscles begin to burn excessively or if I find myself breathing very hard, it is time for me to ease off'') and Item 13 (''When my muscles start burning during exercise, I usually ease off some''), with both items referring to ''burning'' sensations in the muscles. The first three of these items are from the Preference scale and the fourth is from the Tolerance scale. Incorporating these correlated errors in the structural equation model was considered acceptable in the original analysis on the basis of the similarities in the content and/or structure of the items involved.
There were no serious deviations from univariate normality that could jeopardise the accuracy of the maximum likelihood estimates, based on the skewness and kurtosis values presented in Table II . According to a Monte-Carlo study that examined the effects of ''slight'' (two-thirds of the variables having skewness and kurtosis of about + 1.0) and ''moderate'' non-normality (two-thirds of the variables having skewness of about + 1.5 and kurtosis between þ3 and þ4), departures from normality of such magnitudes resulted in an ''almost complete absence of any obvious adverse effect'' (Fan & Wang, 1998, p. 730 ). Mardia's (1970) normalised estimate of multivariate skewness was also computed following the procedure developed by DeCarlo (1997) . Although this coefficient, at 17.41, indicated some departure from multivariate normality, its magnitude did not suggest severe non-normality (particularly considering that the index is known to be positively affected by sample size). Nevertheless, in addition to the regular maximum-likelihood method of estimation, we used EQS (Bentler, 1995) to also compute test statistics with the corrections developed by Satorra and Bentler as an alternative to asymptotic methods for the analysis of non-normal data in small to medium-sized samples (Chou, Bentler, & Satorra, 1991; Hu, Bentler, & Kano, 1992; Satorra & Bentler, 1994) .
As shown in Table IV , Models A and B showed clearly unacceptable fit. On the other hand, Model C, which allowed for four correlated errors, showed ''reasonable'' fit (Browne & Cudeck, 1992) , with a goodness-of-fit index of 0.89, a comparative fit index of 0.91, and a root mean square error of approximation of 0.08 (note that the comparative fit index based on the Satorra-Bentler correction did not differ until the third decimal). However, it should be noted that these indices were lower than those reported by Ekkekakis et al. (2005b) based on a much smaller (N ¼ 184) sample of both male and female students (GFI ¼ 0.92, CFI ¼ 0.97, RMSEA ¼ 0.04). Model C is represented graphically in Figure 1 . As can be seen in this figure, the standardised factor loadings were acceptably high (from 0.65 to 0.81 for Preference and from 0.56 to 0.76 for Tolerance). The correlation between the latent factors of Preference and Tolerance was 0.59. Although this was higher than the values (0.42 and 0.45) reported by Ekkekakis et al. (2005b) , the clearly unacceptable fit of the singlefactor solution (Model A) suggests that a two-factor model fit the data much better than a single-factor model.
The modification indices were examined to determine whether the same correlated errors identified in Ekkekakis and colleagues' (2005b) analysis also had the largest modification indices in the present analysis. Of the four correlated errors, three (those associated with Items 2 -6, 10 -16, and 3 -13) appeared again in the top three positions, ), goodness-of-fit index (GFI), comparative fit index (CFI), EQS ''robust'' comparative fit index (CFI*), and root mean square error of approximation (RMSEA) with associated 90% confidence intervals for the three covariance structure models tested. , consistent with the larger modification index). Therefore, no additional re-specifications of the model were deemed necessary. As suggested by MacCallum and colleagues (MacCallum, Roznowski, & Necowitz, 1992) , modifications based on smaller discrepancies between the model and the data often tend to be sample-specific. A series of w 2 difference tests was conducted, allowing only one of the four pairs of correlated errors at a time (i.e. with one degree of freedom), following the order suggested by the modifications indices. All were significant (P 5 0.001), suggesting that each parameter helped to improve the fit of the model to a significant degree.
Since the goodness-of-fit indices for Model C suggested that the fit was only marginally ''acceptable'' by conventional guidelines, the modification indices were also examined for any fundamental structural problems, such as cross-loading items. No such parameter appeared among the top 15 suggested modifications. Furthermore, an examination of the matrix of residual item covariances did not single out any items as being outstanding contributors to model misspecification. Of the 136 residuals, the one item that appeared most frequently (5 times) in the list of the 20 largest residuals was Item 14 (''The faster and harder the workout, the more pleasant I feel''). However, upon closer inspection, its average residual was only 0.077, not much higher than the average residual across all items of 0.053. Overall, it appears that the two-factor model with the four correlated errors fit the data ''reasonably'' well, without any fundamental structural problems (i.e. item cross-loadings) and with no single badly fitting item.
Correlations with physical activity
The following types of association of the Preference and Tolerance scores with the variables in the Godin Leisure-Time Exercise Questionnaire were examined. First, we computed correlations with the number of times per typical week the women reported participating in ''strenuous'', ''moderate'', and ''mild'' exercise, as well as with the total score derived from the questionnaire. We hypothesised that the Preference and Tolerance scales of the PRETIE-Q would correlate with the tendency to engage in ''strenuous'' (i.e. more intense) types of exercise (e.g. running, jogging, hockey, football, soccer, squash, basketball, cross-country skiing). Second, we examined whether the women who reported working out ''long enough to work up a sweat'' -''often'', ''sometimes'', and ''never/rarely'' -differed in terms of their Preference and Tolerance scores. We hypothesised that those participants who reported working up a sweat ''often'' would tend to have higher Preference and Tolerance scores than those who did not ''work up a sweat'' as frequently in a typical week. Third, we identified the women whose most frequent type of exercise in a typical week was ''strenuous'', ''moderate'', or ''mild'' and examined whether their Preference and Tolerance scores differed. We hypothesised that those who indicated a clear preference for ''strenuous'' activities (i.e. participated in such activities more often than less intense activities per typical week) would report higher Preference and Tolerance scores.
Both Preference (r ¼ 0.299 and r ¼ 0.181, both P 5 .001) and Tolerance (r ¼ 0.355 and r ¼ 0.301, both P 5 0.001) were significantly related to the frequency of strenuous exercise and the total score (respectively). On the other hand, Preference (r ¼ 70.007 and r ¼ 70.009) and Tolerance (r ¼ 0.112 and r ¼ 0.072) were unrelated to the number of times per typical week that the women participated in moderate or mild exercise (respectively).
Both Preference (r ¼ 0.210, P 5 0.001) and Tolerance (r ¼ 0.314, P 5 0.001) were related to the number of times per week the women reported working out ''long enough to work up a sweat''. Also, those who reported working out long enough to work up a sweat ''often'' had the highest Preference (26.37) and Tolerance (25.75) scores, whereas the individuals who responded ''never/rarely'' had the lowest scores (22.22 and 20.30, respectively) . The one-way analysis of variance was significant for both Preference (F 2,556 ¼ 17.76, P 5 0.001) and Tolerance (F 2,565 ¼ 37.90, P 5 0.001). All the Bonferronicorrected inter-group differences were significant (see Figure 2 for significant differences and effect sizes).
A total of 289 women were identified who had complete Preference and Tolerance data and indicated a clear preference for participating in strenuous, moderate, or mild exercise (i.e. the women who reported an equal number of times per typical week for two or more types of exercise were eliminated). Then, the Preference and Tolerance scores of the 48 women who preferred strenuous exercise, the 67 women who preferred moderate exercise, and the 174 women who preferred mild exercise were compared. The one-way analysis of variance was significant for Preference (F 2,286 ¼ 5.00, P 5 0.01), but not for Tolerance (F 2,286 ¼ 2.66, P ¼ 0.07). Post-hoc comparisons showed that the women who preferred strenuous exercise had significantly higher Preference scores (26.85) than those who preferred moderate (23.88) or mild exercise (23.71), whereas those in the latter two groups did not differ (for significant differences and effect sizes, see Figure 2 ). The pattern for Tolerance was the same (scores of 25.02, 22.76, 23.12, respectively) , but the differences were less marked.
Discussion
Individuals differ in the intensity of exercise they prefer and the intensity they can tolerate. The extent of this variability is so large that it is unlikely to be fully accounted for by differences in physiological, somatometric, or health-related variables. In other words, presumably, some part of this variability must lie within the psychological domain. The psychological sources of this variability probably encompass a wide range of factors, including dispositions (e.g. traits related to arousability or somatosensory modulation, with a possible genetic basis), past experiences, and situational influences. The present investigation focused only on the first of these possibilities, namely the dispositional factors of preference for and tolerance of exercise intensity, as these were operationally defined by the PRETIE-Q (Ekkekakis et al., 2005b) . The purpose of the present study was to extend the initial psychometric evaluation of the PRETIE-Q by examining its internal consistency, structural validity, and construct validity in an independent sample of college women.
The results of the psychometric analyses reported here largely agree with the initial assessment that the PRETIE-Q is an internally consistent and structurally valid self-report instrument that can continue to be tested in research and clinical contexts (Ekkekakis et al., 2005b) . The indices of internal consistency (0.89 for Preference and 0.86 for Tolerance) are very satisfactory for eight-item scales and similar to those reported previously (i.e. 0.81 to 0.85 for Preference and 0.82 to 0.87 for Tolerance). The item analysis showed that all items related well with others in their respective scales and all contributed positively to internal consistency.
The results of the confirmatory factor analysis were also in general agreement with those reported by Ekkekakis et al. (2005b) , although overall model fit was lower. As was the case in the initial analysis, the modelling of correlated errors among certain items improved the fit to a reasonable extent. The phenomenon of correlated errors implies that measurement error might not be totally random (as error should be, by definition) but might instead be due to a systematic factor. Common examples of such factors include response sets (Bollen, 1989, p. 232) , the response format used (Byrne, 1991, p. 594) , or, as in the case of the PRETIE-Q, features such as item content and sentence structure that certain pairs of items have in common but are not shared with other items within the same factor. An examination of the item content of the four items with correlated errors provides a good indication about the causes of this phenomenon, as there are some obvious thematic or syntactical similarities between the items in each pair. Although Ekkekakis et al. (2005b) used the minimisation of content overlap as one of the preliminary item selection criteria (see criterion ''a'' on p. 357), the final selection of items was based on empirical criteria (i.e. item loadings and crossloadings in an exploratory factor analysis).
The practice of allowing errors to correlate, particularly on the basis of post-hoc modification indices, has been criticised as possibly capitalising on chance. However, others have argued that a model that does not allow for correlated errors is ''highly restricted'' and ''rarely appropriate for real data'' (Bentler & Chou, 1987, p. 108) . Therefore, this can be deemed acceptable but only as long as such decisions are ''supported by a strong substantive and/or empirical rationale'' (Byrne, 1994, p. 299) . As noted, the thematic and syntactical similarities between the items in each pair provided a good empirical rationale in this case (see the discussion of these similarities in the ''Confirmatory factor analysis'' section). MacCallum and Austin (2000) further noted that, because of the risk of capitalisation on chance, ''the modified model must be evaluated by fitting it to an independent sample'' (p. 217). The results of the post-hoc analysis in this study were generally consistent with those reported by Ekkekakis et al. (2005b) , providing evidence that the correlated error parameters are stable rather than samplespecific. It is important to point out that the presence of correlated errors per se does not have direct negative implications for the structural validity of a measure (other than reducing the parsimony of the model by requiring additional parameters to be modelled). Therefore, this information is not of interest to potential users of the questionnaire but rather to researchers investigating the measurement model of the PRETIE-Q within structural equation models.
One feature of the PRETIE-Q that is of considerable theoretical and practical interest is the relationship between the Preference and Tolerance factors. Ekkekakis et al. (2005b) had postulated that Preference and Tolerance are oblique (partially correlated) but distinct constructs. In this study, the two scores were related 0.49, which is at the high end of the range observed in the initial series of psychometric investigations (i.e. between 0.40 and 0.50). Similarly, the correlation between the Preference and Tolerance latent factors in the confirmatory factor analysis, which is theorised to be error-free, was higher in this (0.59) than in the earlier analysis (0.45). Although the two factors are always found to be related, as hypothesised, the magnitude of this relationship certainly allows for a considerable amount of distinct variance within each. In particular, the distinct role of Preference and Tolerance emerges in studies that have specifically operationalised these constructs, such as in the case of self-selection of exercise intensity, which pertains specifically to the construct of intensity-preference (Ekkekakis et al., 2006) , and the perseverance during incremental treadmill tests to fatigue, which pertains specifically to the construct of intensity-tolerance (Ekkekakis et al., 2007) . In the former case, the Preference scale has been shown to account for 18 -19% of the variance in physiologically defined self-selected exercise intensity, beyond the variance accounted for by age, body mass index, and cardiorespiratory fitness (Ekkekakis et al., 2006) . In the latter case, the Tolerance scale has been shown to account for 14 -20% of the variance in the amount of time individuals persisted during incremental treadmill tests after reaching their ventilatory threshold, beyond the variance accounted for by age, body mass index, physical activity habits, and even cardiorespiratory fitness (Ekkekakis et al., 2007) . On the other hand, both Preference and Tolerance relate to broad outcomes, such as physical activity participation in the vigorous or strenuous range, to an almost equal extent, as was shown in the analyses based on the Godin Leisure-Time Exercise Questionnaire reported in this paper.
As the psychometric evaluation of the PRETIE-Q continues, its role in applied settings will also have to be defined. Perhaps one of the main potential areas of application would be exercise prescription. The guidelines of the American College of Sports Medicine (2006) acknowledge that both preference and tolerance need to be taken into account when developing the initial exercise prescription, as well as in adjusting the prescription as the exerciser's fitness improves. In essence, these recommendations could be interpreted as indications of a gradual move towards the formal incorporation of a third guiding principle in exercise prescription, besides the need to provide exercise stimuli that are (a) effective and (b) safe. The third consideration is to provide stimuli that are enjoyable or at least tolerable, thereby increasing the likelihood that intrinsic motivation for future participation can be maintained. As this process evolves, some formalised methods of personalisation will have to be established. This will require the use of a validated battery of measures that can help in tailoring the exercise prescription to each individual and in identifying individuals with a propensity for under-exertion (i.e. choosing exercise doses that are too low to be effective) or overexertion (i.e. choosing exercise doses that are too high to be safe). Clearly, a lot more groundwork needs to be done before a system like this can be implemented. Essential to this process is the establishment of norms (as was done here for college-age women) and of agreed-upon criteria for what constitutes under-and over-exertion in different populations (upon which validation studies can be based).
Future psychometric investigations of the PRETIE-Q should address some of the limitations of the present study. In particular, the nature of the present sample (i.e. restricted in terms of gender, age, educational level, and socioeconomic status compared with the general population) constitutes an obvious limitation. The appropriate next step would be to perform a similar series of analyses with an equally large sample of males and to examine the factorial invariance of the questionnaire across the sexes. Subsequently, a replication with older and more diverse samples with respect to exercise experiences would be highly desirable. Finally, alternative and stronger methods of validation should be devised that go beyond cross-sectional correlations with self-reported levels of habitual physical activity. These studies will complement the laboratory-based validation work that has already been performed (Ekkekakis et al., 2005b (Ekkekakis et al., , 2006 (Ekkekakis et al., , 2007 .
In summary, in this psychometric evaluation with a large, independent sample of college women, the PRETIE-Q was found to possess adequate internal consistency and reasonable structural validity. Furthermore, its factors correlated cross-sectionally with the tendency to engage in vigorous activities such as running, soccer, and basketball. Together with the evidence collected in other validation studies, it appears that the PRETIE-Q could prove useful in a broad range of applications in exercise science.
